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The idea:
To produce environmentally friendly panels with a sandwich structure 
for thermal insulation and passive cooling to contrast “heat island effect”
1. by recycling up to 80 wt% of non-hazardous industrial wastes such as porcelain 
stoneware scraps from waste tiles of the Emilia Romagna (Italy) ceramic districts; 
2. by using an alkali-aluminosilicate (geopolymer) as binder to avoid high T during 
the production process and to exploit the water retention properties of the porous 
geopolymer for cooling by water evaporation.
Possible problem to solve:
Structural degradation of the panels by water imbibition
Geopolymers are water resistant if they are fully reacted. 
Compositional inhomogeneities in geopolymeric composite and/or excess of water 
glass may lead to structural degradation after water immersion. 
Possible solution: 
A thermal treatment of conditioning to stabilize the structure
Temperature and time? As low as possible!
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Geopolymeric composites
metakaolin KOH/K2SiO3
Porcelain stoneware scraps (inert filler)
Crystalline phases (mullite, quartz, feldspar) 
in a glassy matrix 
S1 S2
S1:
humidity: 2,99%;
>5 mm = 2,52%; 
<5 mm - >2 mm = 39,50%; 
<2 mm - >1 mm = 23,72%; 
<1 mm - >400 µm = 16,88%; 
<400 µm = 17,38%.
S2:
humidity:0,08%; 
>5 mm = 1,40%; 
<5 mm - >2 mm = 41,84%;
<2 mm - >1 mm = 21,04%; 
<1 mm - >400 µm = 12,74%; 
< 400 µm = 22,98%.
SiO2:K2O= 2
H2O:K2O= 23
D50: 3.5 µm
ssa: 30 m2/g 
Scraps were mechanically mixed to the binder and core and skins were prepared by 
varying scraps and water glass amounts. 
The composite pastes were cured at 80°C for 24 h.
GBSC 2011 - September 15  2011 - Bologna
Geopolymeric binder Si/Al=2
The geopolymer binder is formed by 
nano-precipitates that act like a glue 
for the porcelain stoneware scraps
Geopolymeric composite
Microstructure of the 
composite material
nano-precipitates of 60 nm 
s.s.a.: 4.3 m2/g 
bulk density: 2.26±0.01 g/cm3
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Trial & Error Approach 
core
skin
72 wt% scraps + water glass excess
80 wt% scraps + stoichiometric binder
GBSC 2011 - September 15  2011 - Bologna
Density: ~1000 kg/m3; 
λ*: 0.7 W·m-1·K-1
*by Guarded Hot Plate Apparatus 
15x15x4 cm3
5x5x2.5 cm3
Scale up
30x30x6 cm3
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Material removal and volume expansion by water immersion
Cws= coefficient of capillar absorption of water by UNI EN 772-11 (2011)
Cwis= initial coefficient of water absorption by UNI EN 772-11 (2011)
WA: water absorption by full immersion in water for 100 h
CWR: coefficient of water release
Water absorption
Possible solution: 
A thermal treatment of conditioning to stabilize the structure
Temperature and time? As low as possible!
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Clay bricks
M. Raimondo et al., 
Constr Build Mater (2009)
Panel prototype **ΔV=1. 4%-3.70.29.22.4305
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Dilatometric analyses on 
geopolymeric binder
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VI:
viscous 
sintering
I: water 
evaporation
II: water 
desorption
from pores
III: dehydroxylation of T-OH 
(T= Si, Al)
J.L. Bell et al. JACS (2009)
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Composite –
geopolymeric binder
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Peak: 850°C
Peak: 570°C
Flex: 1070°C
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Composite –
water glass binder
Tg of water glass
500°C x 1 h 600°C x 1 h 700°C x 1 h
Dishomogeneity: 
glass formation
Microstructural characterization
of geopolymeric binder
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500°C x 1 h 600°C x 1 h 700°C x 1 h
Microstructural characterization
of the binder in the composite
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Cws= coefficient of capillar absorption of water UNI EN 772-11 (2011)
Cwis= initial coefficient of water absorption UNI EN 772-11 (2011)
WA= water absorption by full immersion in water for 100 h
CWR: coefficient of water release
A thermal treatment of conditioning at 600°C prevented material loss 
upon long term immersion in water.
Effect of conditioning
on water absorption
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• Environmentally friendly panels with a sandwich structure were prepared 
by recycling up to 80 wt% porcelain stoneware scraps
• An alkali-aluminosilicate (geopolymer) binder was used to avoid high T during the 
production process. The setting was performed at 80°C for 24 h.
• The thermal conductivity was 0.7 W·m-1·K-1
• The high and fast water absorption and the low water release make these panels 
suitable for cooling by water evaporation to contrast “heat island effect”.
• A thermal treatment of conditioning at 600°C prevented structural degradation 
upon long term immersion in water. The water release was greatly increased in 
respect with the as-prepared panel.
Summary
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